INTRODUCTION
============

Down syndrome (DS) is the most common chromosomal abnormality \[[@B1][@B2][@B3]\]; it occurs in 1 per 691 babies, caused by the trisomy of chromosome 21 and associated with a characteristic phenotype in terms of physical appearance as well as with medical problems such as metabolic disorders, tissue dysmorphism, congenital heart disease (CHD), and thyroid dysfunction \[[@B4]\]. Typically, over-expression of the chromosome results in a decrease of the overall number of neurons in the central nervous system, a delay of myelination, and dysregulation of cell cycles that lead to overproduction of protein precursors and subsequently cause neurotransmission abnormalities. Consequently, children with DS show impairment in cognitive domains such as concentration, communication, memory, and task performance compared to healthy peers \[[@B3]\]. Moreover, children with DS also seem to exhibit a delayed motor development due to hypotonia, ligamentous laxity, poor balance, and a lack of postural control that cause difficulties in adapting to gravity and the surrounding environment \[[@B4][@B5][@B6]\].

Most previous studies about motor development in children with DS mainly focused on gross motor skills \[[@B7][@B8][@B9][@B10]\], fine motor functions \[[@B1][@B11][@B12][@B13]\], and postural control \[[@B14][@B15]\]. A few investigations have revealed that DS-afflicted children are delayed in vocabulary and cognitive development \[[@B16]\].

The aims of this study are to investigate motor and cognitive developmental profiles and to determine the correlation between the two areas. We hypothesize that delayed attainment of motor developmental milestones is associated with poorer cognitive function in infants with DS. In addition, we would like to assess the influencing factors of the developmental process in children with DS.

MATERIALS AND METHODS
=====================

Subjects
--------

Among the children diagnosed with DS visiting the department of rehabilitation medicine of our clinic from March 2003 to December 2012, 78 were included in this study. They were able to follow up in an outpatient clinic until the time of independent walking. Approval to perform this retrospective study was obtained from our Institutional Review Board (IRB) and the research ethics committee.

Methods
-------

Data such as the perinatal history and the family members\' information were collected in a review of medical records. Subsequently, physical and neurological examinations were performed by a specialist of rehabilitation medicine.

Past medical history: At the first medical examination, any possible factors that could affect to children\'s development were surveyed in a caregiver interview. These included neonatal seizures, feeding difficulties, sleep problems, a surgery of associated medical problems, visual or hearing impairment, and neurological issues. The most common associated problem was CHD. For analysis, we divided associated problems into three groups: CHD only, CHD with other problems, and other problems without CHD.Development of gross motor skills: Information was obtained about the age at which some typical motor milestones were achieved. Seven representative milestones were used: are head control, turning, sitting independently, creeping, crawling, cruising, and walking without help. Among those, the authors selected the two milestones 'head control' and 'walking independently' as the key ones to judge intra-subject severity of motor developmental delay. Of the 78 DS children, those with an age that indicated a delay of the key milestones larger than 1 standard deviation were classified into the severe motor delay group (severe group), while others were categorized as belonging to the typical motor delay group (typical group).Cognitive evaluation: To determine the degree of cognitive function, the Korean Wechsler Preschool and Primary Scale of Intelligence (K-WPPSI) test was conducted between the ages 4 to 5 and the Bayley Scales of Infant Development-II (BSID-II) were conducted around 2 years of age. The subjects unable to take the K-WPPSI due to severe impairment were administered the BSID-II instead.

Using the K-WPPSI, the verbal IQ (VIQ), performance IQ (PIQ), and full-scale IQ (FIQ) were used as indexes; the mental developmental index (MDI) and psychomotor developmental index (PDI) were employed as indexes for the BSID-II. Among most children who were tested with the BSID-II, both the MDI and PDI were lower than 50, so the exact indexes could not be determined. Hence, the mental developmental quotient (MQ) and psychomotor developmental quotient (PQ) were calculated by dividing the mental or motor development age obtained from the results of BSID-II by the chronological age. Then, they were used to compare the delay rate in cognitive development between the groups.

Statistical analyses
--------------------

Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) ver. 20 for Windows (IBM SPSS Inc., Armonk, NY, USA). An independent t-test and the Mann-Whitney test were used to compare the means of the groups. A chi-square test was employed to analyze differences in motor development and cognitive functions between the two groups (severe and typical). The significance level was determines as p-values less than 0.05.

RESULTS
=======

Demographic data
----------------

For children with DS, the most common reason for visiting the hospital was delayed development. The average age at the initial visit of the clinic was 8.02 months and it varied from 4 to 16 months. Thirty-one out of 78 children (39.7%) were male.

Associated problems
-------------------

Out of the 78 children, 77 (98.7%) had associated problems and some had multiple ones. These associated problems were: 51 cases of CHD, 20 of thyroid dysfunction, 14 with a history of tube feeding, and 2 cases with intestinal problems such as an imperforate anus and a necrotizing colitis. There were 9 cases of strabismus, 5 of lacrimal duct obstruction, 1 with a cataract, 2 with a hearing impairment, 4 cases of epilepsy, and 2 cases of polydactyly.

Among the associated problems listed above, surgical treatments were required for 47 cases, 33 (70.2%) of which were related to CHD ([Table 1](#T1){ref-type="table"}).

Motor development
-----------------

The average age at which the 78 children reached each motor milestone was as follows: 6.1±2.7 months for head control, 8.76±3.1 months for turning, 12.0±3.3 months for sitting independently, 14.0±3.5 months for creeping, 18.1±5.0 months for crawling, 22.3±7.2 months for cruising, and 28.0±8.3 months for walking independently. Compared with healthy equals \[[@B5][@B17][@B18]\], children with DS seemed to follow the same sequence of motor development, but the achievement time for all milestones was twice as long ([Table 2](#T2){ref-type="table"}).

Based on the age when having reached the two key milestones, the subjects were classified into severe and typical motor delay groups. In other words, children who could control their heads after 8.8 months and walk independently after 36.3 months were placed in the severe group.

Cognitive development
---------------------

Forty-two out of the 78 children had taken the cognitive assessment. Out of these, 22 underwent the BSID-II test at an average age of 35.38 months (range, 23--55 months) and 20 subjects took the Wechsler tests at an average age of 54.10 months (range, 47--66 months). Comparison of the results of BSID-II test revealed that the average PQ score (43.07) was higher than the average MQ score (41.22), but the difference was not statistically significant. The average FIQ score determined by the Wechsler test 44.82 and the average VIQ score (50.88) was higher than the average PIQ score (45.76), but the result was not significant.

Correlations between the degree of associated problems and motor development
----------------------------------------------------------------------------

In the typical group, associated problems were evenly distributed among the three associated problems groups. In contrast, in the severe group, most cases included the 'CHD and other problems' category, but this was not significant ([Table 3](#T3){ref-type="table"}). Out of the 78 children, only one in the typical group did not have any medical complications.

The analysis to determine whether the surgery is related to affects motor development revealed that the number of times with any kind of surgeries was greater in the severe group than in the typical group, with the result being statistically significant (p\<0.05). In other words, an operational history displayed negative relationship with motor development ([Table 3](#T3){ref-type="table"}). When motor development was scrutinized by the type of operation, there was no significant difference in motor development between the groups (p\>0.05).

Correlation between the degree of associated problems and cognitive development
-------------------------------------------------------------------------------

There was no significant difference between the associated problem groups and the results of the BSID-II as well as the K-WPPSI. Comparing the cognitive assessments\' results between the children with and without a history of operations, we did not find a significant difference between the groups (p\>0.05) ([Table 4](#T4){ref-type="table"}).

Correlations between motor and cognitive development
----------------------------------------------------

Based on the results of the BSID-II tests (22 children), the average PQ and MQ scores were calculated and compared for the severe and typical groups. The PQ scores were 44.4 and 38.6, the MQ scores were 41.8 and 39.3 in the typical and severe group, respectively; the differences were not significant (p\>0.05). According to the results of the K-WPPSI (20 children), the FIQ scores were 48.6 and 38.0, the VIQ scores 53.6 and 46.0, and the PIQ scores 50.0 and 38.2 in the typical and severe group, respectively. The FIQ, VIQ and PIQ scores were all higher in the typical group than in the severe group, but the differences were not significant ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

There have been several studies about the motor and cognitive development of DS children, but the results varied. Many of them have categorized age according to the achievement of certain motor skills. Because the results have been based on wide age ranges, the age at which certain motor skills are achieved has been a controversial issue among researchers. According to Melyn and White \[[@B19]\] and Fishler et al. \[[@B20]\], motor development in children with DS has been depicted as follows: they can sit without support after 14 months since birth, crawl after 12--18 months, and walk independently after 24--74 months. In DS, 40%--44% are able to walk without support before the age of two years, and 78%--90% of the children could walk independently before the age of three. In the present study, the average age of children who reached the turning and independent sitting milestones was 8.76 and 11.87 months, respectively, which was in accordance with a previous study \[[@B21][@B22][@B24]\]. The average age of children who achieved the ability to walk independently was 25.04 months, which was also similar to prior investigations \[[@B23][@B24]\]. We found that children with DS needed twice the time than healthy peers to attain motor skills.

It was reported that 44%--56% of children with DS had CHD \[[@B25][@B26]\], but we found 65.4%. In another study \[[@B27]\], children with CHD only exhibited a difference in the motor domain of neurological development compared to those without CHD. However, we could not find any difference of motor development with or without the presence of CHD.

We found that having any kinds of operation might have some negative relationship with the motor development in children with DS. During the first 24 months after birth, brain development is processed by the experience dependent fashion and receiving external stimuli is crucial at this age \[[@B28]\]. Thus, undergoing an operation during this period at least results in a longer hospital stay and activity restrictions, which limit the child\'s exposure to external stimuli and inhibits brain development. Consequently, the achievement of motor milestones is delayed. According to van Trotsenburg et al. \[[@B29]\], infants with DS who had a hospital stay longer than 11 days showed a significant delay in mental development compared to those with shorter stays. In the present study, information about the length of stay could not be obtained. The degree of intellectual disability defined as an average FIQ of the Wechsler test in this study, was in the moderately retarded range. Gibson \[[@B30]\] documented that the IQ in DS is usually in the moderately to severely retarded range which is consistent with our study. In addition, children who underwent the Wechsler tests did not show a discrepancy between their verbal and nonverbal intelligence development. This is not consistent with previous results: Tsao and Kindelberger \[[@B31]\] reported that children with DS 6--10 years old achieved better scores in nonverbal tests, including visuomotor processing than verbal tests when they used the Differential Scales of Intellectual Efficiency \[[@B32]\] for the assessment of cognitive development. The average age of children included in the present study was lower which might account for the difference.

In the present study, we compared the cognitive and motor development and could not find a statistically significant correlation between the achievement of motor milestones and cognitive functions. Seitz et al. \[[@B33]\] reported that motor deficits in children who weighed \<1,250 g at birth without severe disabilities correlated with cognitive impairment, especially in the visuomotor domain. Joo et al. \[[@B34]\] revealed that late walkers had a significantly lower cognition and social adaptive function scores than early walkers among children with a history of preterm birth, but without major neurodevelopmental impairments. However, in children with DS, there was no significant correlation between early motor development and later cognitive function.

This study is limited because it was conducted at a single institution with a small sample. Further studies, including larger populations and long-term follow-ups, are needed to investigate cognitive development in DS.

In conclusion, children with DS followed the same motor development sequence and generally took the twice the time for reaching gross motor developmental milestones compared to healthy equals. Furthermore, having a surgery of associated complications was related to a higher frequency of delayed motor development. But such early motor development did not have any significant effects on the achievement of later cognitive functions. The results of the present study may be helpful to understand the natural course of children\'s development with DS and implement an appropriate intervention according to developmental stages.
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###### Incidence of associated problems and surgical treatments in children with Down syndrome
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###### Difference between motor milestone achievement of children with Down syndrome and healthy children (unit, month)
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^a)^Motor milestone achievements of healthy children were defined in the references \[[@B17][@B18]\].

###### Correlations between the degree of associated problems, surgery, and motor development in children with Down syndrome
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Values are presented as number of case (%).

CHD, congenital heart disease.

^\*^p\<0.05.

###### Correlations among the degree of associated problems, operational history, and cognitive development in children with Down syndrome
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CHD, congenital heart disease; BSID-II, Bayley Scales of Infant Development-II; PQ, psychomotor developmental quotient; MQ, mental developmental quotient; K-WPPSI, Korean Wechsler Preschool and Primary Scale of Intelligence; FIQ, full-scale intelligence quotient; PIQ, performance intelligence quotient; VIQ, verbal intelligence quotient.

###### Correlations between motor and cognitive development in children with Down syndrome
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BSID-II, Bayley Scales of Infant Development-II; PQ, psychomotor developmental quotient; MQ, mental developmental quotient; K-WPPSI, Korean Wechsler Preschool and Primary Scale of Intelligence; FIQ, full-scale intelligence quotient; PIQ, performance intelligence quotient; VIQ, verbal intelligence quotient.
